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COLD START ENGINE CONTROL 
APPARATUS AND METHOD 

This nppncatiun is n continn&tiDD of patent application 
Ser. No. 08/679,273 filed on JuL 12, 1996 now abandoned. 5 

HELD OF THE INVENTION 
Toe piEBeni invention relates generally Lo cold suui 
devices used with interna] combustion engines, and m 
particular la an apparatus and method far vaporising Ihefuel to 
ejected 6am a cold start injector by delivering the jnel 
through a. hented chamber prior to the intake valve of a 
cylinder head. 

BACKGROUND OF THE INVENTION 

Tie increase in atmospheric pollution generated by 15 
exhaust emissions from conventional gasoline and djcsel 
powered internal combustion engines have caused both 
federal and stile governments to enact laws and establish 
regulations which impose even greater restrictions on the „ 
performance of motor vehicles in the areas of exhaust gas 
emission tnd fuel economy. For example, the ULEV FTP 75 
standards for gasoline, engines thai are' to tale effect hi the 
neit few years call for double digit reductions in the levels 
of noxious emissions over the 1990 ULEV FTP standards « 
(up to 90S in the case of hydrocarbons). 

During the start of a cold engine, and before the caUuyic 
converter can warm op Id be effective, engine emissions are 
particularly high. After wans -up and during soma! running, 
the catalytic converter reduces emissions, nnd the internal aD 
combustion engine usually operates at a 1-4.7:1 air tn fuel 
miiture ratio which also yields reduced emissions. 
However, when (he engine temperature is below a certain 
point, it is more difficult for all of the. fuel to he vaporized, 
and a choke factor is needed to supply eicra fuel. Otherwise, 35 
not enough fuel will be vaporized, resulting in a mature 
leaner than lie desired 14.7:1 stoichiometric: Tatio, Typically, 
the first twenty seconds of engine startup operates in a cold 
start "enrichment" mode in which a richer than stoichiomet- 
ric air/fuel mixture is delivered. As the engine heats up In 40 
normal operation, the additional fuel supplied in Ibe air/fuel 
mix tare is gradually decreased until the desired stoichio- 
metric ratio is reached and Ibe engine is r unnin g smoothly. 

During the cold start enrichment mDde, the increased 
amount of fuel delivered to the combustion chamber causes 45 
an increase in hydrocarbon nnd nitrous oxide emisBions due 
to incomplete burning of the fuel. At the present levels of 
allowable hydrocarbon emission, the cold slail enrichment 
mode uses an air/fuel raS& of about 10:1 through 14:1, 
producing emissions (hat do not exceed today ' s Etondutii of so 
7.0, 0.39 and 0.4OiromE/iniIe for CO, HONMOG nnd NOs. 
These levels of emissions, however, will have tn be redaced 
to 1.7, 0.MO and 0.20 grams/mile respectively to meat the 
U.S. government's ULEV FTP 75 emissions regulations in 
the near future.' This represents n 90% reduction in HC 55 
emissions over present levels, 

Heretofore, manufacturers have provided a number of 
devices In warm the engine faster nnd in mate the choke 
more sensitive, However, these devices have been too slow 
or tno complicated Id effectively meet upcoming ULEV FTP fin 
75 regulations during that short cold start duration neriDd. 
Furthermore, catalytic converters provide almost no assis- 
tance to reducing emission levels during the cold sunt 
period. Thus, whaL is needed is an uncomplicated nppnratus 
for enabling smooth engine operation during cold slarts lhaL 65 
produces Engine emissions Ihnt will meet the U.S. govern- 
ment's future ULEV FTP 75 regulations requirements. 
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Accordingly, it is an object of the present invention to 
provide a cold start apparatus which can reduce the amount 
nf excess fuel needed during cold start procedures. 

It is also an object of the present invention to provide a 
cold slart apparatus which can reduce the exhaast emissions 
of nn internal combustion engine during coin start operation 
so as to meet the requirements under the upcoming ULEV 
FTP 75 regulations governing ejdumsl emissions. 

It is a further object of the present invention lo reduce the 
overall fuel consumption of an internal combustion engine. 

It is another objective of the present invention lo provide 
acold start apparatus IfnU includes self cleaning mode winch 
icduces maintenance n^uircmfinls. 

It is still another object of the present invention to 
accomplish lie above-stated objects by utilizing an appara- 
tus which is simple in design nnd use, and economical to 
njEnufactnre. 

Tits foregoing objects and advantages of the invention are 
illustrative of those which can be achieved by the present 
invention and are not intended lo be exhaustive or limi ting 
of the possible advantages which can be realized. Thus, 
these and other objects and advantages of the invention will 
he apparent from the descripuDu herein or can be learned 
man practicing the invention, but as embodied herein or as 
modified in view of arsy variations which may be apparent 
lo those skilled in tee art. Accordingly, tixa present invention 
resides in the novel methods, arrangements, ramblualions 
and improvements herein shown nnd described 

SUMMARY OF THE INVENTION 
In accordance with these and other objects of the 
invention, a brief summary of the present, invention is 
presented. Some BimpliBcfllinns and omissions may be mode 
in the following summary, which is intended lo highlight and 
intradural some aspects oF the present invention, but not to 
limit its scope. Detailed descriptions of a pteferred exem- 
plary embodiment adequate 10 allow those of ordinary rHtl 
in the art to mate and use the inventive concepts will follow 
in later sections. 

According to a broad aspect of the invention, nn apparatus 
for vaporizing fuel before it is supplied to a cylinder of a 
multi-cylinder internal combustion engine is disclosed. The 
maln-cylmder engine includes a fuel supply, nnd an nir 
intnte passageway having a throttle vitl vc having a pivotally 
secured throttle plate disposed therein. The cold start appa- 
ratus includes (i) ahousing fluidiy coupled on one end to the 
air intake pnis&gewny downstream of - the location of the 
throttle; (5) a cold start fuel injector having nn outlet and 
disposed in the ha using; (ili) an idle air conduit fluidiy 
coupled one end to the air intake passageway, and fluidiy 
coupled on the other end to the bousing for delivering air 
adjacent In the outlet of the cold start fuel injector for 
inlsnnlxing air with fuel ejected from Ibe cold start fuel 
injector; nnd (iv) n heated chamber having a longitudinal 
lumen and disposed at the outlet of the cold startfuel injector 
for vaporizing the air-fuel mixtnre before it is delivered in 
the engine cylinder- The heating chamber includes a plural- 
ity of independent heating element pactions that can be 
separately controlled In vary (he temperature across the 
beating chamber. 

A melton" is also disclosed for reducing automobile 
=*bntret emissions during the cold start of amnlti-cylmder 
internal combustion engine having a fuel supply, a plurality 
of fuel injectors located adjacent Id separate engine 
cylinders, acold start fuel injector and beata fluidiy coupled 
to Ibe engine cylinders, End an air passageway having a 
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pivotnlly secured throttle valve disposed therein. The 
method includes the steps of(i) initialing power la the heater 
for a period or time befoie the engine is started; (ii) 
supplying the fuel to the engine cylinders through the cold 
start injector; fjH)rnbting thefuelfojni the cold, start injector 
with air at an amount sufficient to produce a substantially 
stoichiometric ratio af Che air to fuel; (iv) passing the 
substantially stoichiometric air-fuel mixture, over the healer 
clement to cause the fuel to be vaporized; (v) supplying the 
vaporized air-fuel mixture to the engine cylinders Wben the 
engine is started, and until the engine Teaches a. temperature, 
of about 60° C; nnd (vi) switching from fact supplied by the 
cold start Injector to fuel supplied by the plurality of fuel 
injectors, after the engine reaches a pre-established threshold 
as measured by temperature, Unto or a combination oFbata. 

BRIEF DESCRIPTION OF THE DRAWINGS 
FIG, 1 is a perspective diagram illustrating a preferred 

embodiment of the cold start device of the present invention 

mounted on m internal combustion engine, 
FIG. 2 ie a perspective diagram of a cross-sectional view 

of a preferred embodiment of Ibc cold sunt device of the 

present invention. 
FIG. 3 is d perspective diagram of e. cross-sectional view 

of one embodiment of a fuel heater according to the present 

invention. 

FIG. 4 is a perspective diagram of a cnias-Esetional viaw 
of another embodiment of a fuel heater scmiding to the 
present invention* 

FIG. 5 is a perspective diagram of a cross-sectional view 
of yet another embodiment of a fuel heater according to the 
present invention. 

FIG. 6 is a perspective diagram of a crass-sectional view 
□f stiU another cmbwJimcnt of a fuel heater according to the 
present invention. 

FIG. 7 is a block form diagram of the control systems of 
1 cold start device, according Jo the present invention. 

FIG, 8 is a flow diagram, of the overall operation of a, 
preferred embodiment of the cold sum device of the present 
invention, 

FIGS. 9 and 10 tun graphical form diagrams representa- 
tive of the operation of (he cold stnrt device, aver varying 
temperatures. 

FIG. LI is a graphical form diagram showing the opera- 
tion of the cold start device over time. 

FIG. 12 is a Qow diagram of the initial DpcranDn af the 
cold start device, according to the present invention. 

FIG. 13 is a graphical form diagram showing the Dpera- 
tion'of the cold stmt device and salient engine operations 
over time. 

FIG. 14 is tt. flow diagram of the maintenance operation af 
the cold stmt device, according to the present invention. 

FIG. 15 is o Haw diagram, af lbs diagnostic operation of 
the cold start device, according to the present invention. 

FIGS, 16 nnd 17 are graphical representations of the 
current levels through the fuel healer, according to the 
present invention. 

FIQ. 18 is a perspective diagram of yet another embodi- 
ment of the present invention mourned on an internal M 
combustion engine. 

FIG. 19 is tt perspective diagram of a cross-sectional view 
of a preferred embodiment of a modified throttle valve 
according to the present invention. 

FIGS. 20-23 we crass-sectional views of various embodi- SS 
meats of an air aperture lafcen along line A— A' in HG. 19, 
according to the pnisent invention. 



DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS OF THE 
INVENTION 

The present invention contemplates en improved cold 
start apparatus and method having a healed chamber of 
various configurations to provide for an increased vaporiza- 
tion of fuel nnd a heater bam thereof In reduce noxious 
exhaust emissions nnd decrease fuel consumption during 
engine cold starts. 

Referring now to the drawings, wherein, like 
numerals refer to like elements, there arc disclosed tn 
FLG, 1 broad aspects of a preferred embodiment of the 
invention. 11 is to be understood that the Following 
description of an internal combustion engine, related to 
but not forming part of the invention, is provided for 
illustrative purposes only. In FIG. 1, an internal 
combustion engine .fuel control system having a cold 
start apparatus or device [also referred to as a "CSD") 
identified generally by reference numeral 1 tn 
accordance with the present invention is shown. The 
internal' combustion engine is rjn!y shown partially 
because the internal details of the engine, except far its 
cold start apparatus 1 nnd related controls, do not Farm 
part of the invention. However, a portion of the- internal 
combustion engine is depicted For ease in understanding 
how the present Invention may he practiced in 
conjunction with any known types of internal 
combustion engines. It should be further nousd that the 
cold start apparatus 1 is not limited to use In 
reciprocating engines of the type depicted but may also 
be employed with rotary type engines. Additionally, the 
invention is described in conjunction with only a single 
cylinder of a multi-cylinder engine, as It is believed Ifiat 
those sldlled in the art can readily understand haw the 
invention is practiced in conjunction with multiple 
cylinder engines and engines dF varying configurations. 

In one preferred embodiment of the invention, the cold 
33 start apparatus lis mounted on the intake manifold 10 of w 
internal combustion engine. The cold start apparatus 1 may 
be mounted directly to the intake manifold 10 for compact 
design, Alternatively, the outlet of the cold start apparatus 1 
can be connected to the brake manifold ID via a condnilor 
hose, in a. stand alone design. 

As seen in FIG- l r the intake manifold 10 is coupled on 
□tie end tn an air supply, preferably through an air clearer 
{not shown for clarity), which supplies a stream of air as 
indicated by the nnnw on the leftside of FIG. L Disposed 
45 in the nil passageway 22 of the intake manifold 10 is a. bites 
air Qow sensor B of the type known by those eklued in the 
art Downstream of the mass air flow sensor 8 is a throttle 
valve 9 having a pivolally secured throttle plate (referred to 
in comhinnlinn as a. "throttle"! whose rotational position is 
jo monitored by throttle position sensor IS. Coupled to the air 
passageway 22 between the moss air flow sensor 8 nnd the 
throttle 9 is a conduit: 1-0 referred to as on idle air inlet for 
delivering inco tiling nir to (he cold start apparatus 1 
(described in detail below). After passing througb fre 
throttle 9 into the intake manifold 10, ths nir is mixed with 
fuel supplied by the cold start apparatus 1 (under cold start 
conditions), or with fuel supplied by a multi-port fuel 
injector 2. 

"Upon combustion, exhaust gases exit the combustion 
chamber 14 past a lambda (Oj) exhaust sensor 12 
employed for detecting the oxygen level in the exhaust 
gases, nnd through a catalytic converter 7 used for 
reducing noxious emissions, as is practiced in the nit In 
addition, a temperature sensor 25 is mounted in the path 
oF the exhaust gasses upstream oF the catalytic converter 
7 to monitor the temperature of the exhaust gases as 
they exit the combustion chamber 14. 
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An engine control unit 3 ["ECU") monitors engine con- 
ditions through signal connections to various sensors, such 
as the mass nir Jlo w sensor 8, the throttle posiSmi sensor 16, 
a, crank angle censor 11, tbe O z sensor 12, the exhaust 
temperature sensor 25, a coolant temperature sensor 13 
mounted in the engine, jacket, and a current meter. IS 
connected to lbs car battery 17. As can be appreciated by 
those skilled in the art, a. voltage meter or the like tnay be 
substituted far the preferred current meter IS, without 
departing from the scope of tbe invention. 

The ECU 3 contemplated by thepresentinventloninny be 
implemented prng^ammatically or by direct electrical con- 
nection through customized integrated circuits, or a combi- 
nation of bath, using nay af the methods known in the 
industry (or providing (he functions described herein with- 
out departing from the teachings of the invention. Those 
skilled in the art will appreciate that From the disclosure of 
the invention provided herein, roromercial semiconductor 
integrated circuit technology would suggest numerous alter- 
natives for actual implementation of the functions of the 20 
ECU 3 that would still be within the scape of the invention. 

The ECU 3 uses sensor inputs as feedback for conhnlling 
engine operation functions. For example, the ECU 3 oper- 
ates the Bring of spirt plug 4 through an ignition module 6, 
while controlling the flow of fuel to the intake manifold 10 25 
by pulsing the cold shut apparatus 1 and/or fuel injector 2. 
Tbe ECU 3 also controls the operation of a beater switch 19 
far delivering corrant from, the battery 17 lo the heater 
component (described below) of {he cold shut apparatus 1. 
Tbe healer switch 19 may be any mechanically operated 
switch, such as a relay or solenoid activated switch, or the 
beater switch 19 may be of a solid stale design. In a preferred 
embodiment of the present invention, the healer switch 19 is 
a solid stale device that can operate With about 3D0 nmps 
peak and about HQ— 100 amps steady stale. 

Tbe components of tbe cold start apparatus 1 are best 
understood by referring to the operative "arrangement of the 
invention illustrated in detail in HQS. 2 and 3. As illustrated 
in HGS.2 and3, one preferred erobodiineiiLof the cold start 
apparatus 1 includes o housing containing a fuel injector l-d 
having an inlet or orifice l~c for receiving fuel therein. Idle 
air is delivered through thiiitlie air inlet l~a under the control 
of on idle speed control valve 1-6, Bnd down lo on idle air 
mixer 1-e for mixture with fuel bang ejected from an outlet 
or orifice l-d of the CSD fuel injector 1-d, Idle air mixing 
with tbe .fuel spray assists the utotruxauoo of the fuel 
particles thereby promoting the vaporization of the fuel 

Upon mixing, the air-Fuel mixture traverses through (or 
across) a heater element 1-/ which fully vaporises the fuel. 
The beater element l-/is preferably a cylindrical canister 
defining a longitudinal chamber or lumen therein through 
which the air-fuel mixture is vaporized. It should be noted 
that although a cylindrical shape is preferred for reasons thnt 
include ease of manufacture, uniformity nf fuel_ discharge 35 
and uncomplicated base connectivity, (he present invention 
is not so limited in that any shape would be acceptable as 
long as the foregoing functions can be achieved. 

The heater elemenL l-J^may, optionally, be comprised di" 
a, plurality of separate beater sections or elements disposed so 
adjacent to each other (designated by the numerals -52, #3 
and #4 in FIG. 2). In a preferred embodiment, encb separate 
section is electrically isalnled from the other, so that the 
current to each section can be independently controlled. In 
this manner, the temperature of each section can be inde- 
pendently set so that, for cxnmple. the temperature of section 
2 can be hotter than the temperature of section 1 and ea on 



to have a gradually increasing temperature exposure for tbe 
pnssing sir-fuel mixture. Altcrmdvel y, independent sections 
can be turned on while others remain oS, or turned on or oEf 
nr. different instances of rime. Varying the start of tbe 
5 separate heater sections will reduce the current Bpflce when 
meheaterelcmentl/lsirutiiulypoweraLSindniQbn, some 
heater sections con remain off before engine start, In con- 
serve energy when the battery's 17 voltage is deemed 
inadequate far pawning all of the heater elements and then 
I0 crafting the engine* Lastly, it is anncipnled that it will be 
, expensive lo manufacture the heater element l-f when it 
made in sections. 

The heater element 1-/ and the housing oF the cold 
start apparatus 1 is preferably made of aluminum or a 
high temperature plastic, such as teflon, nyU>n or the 
like. As shown tn FIG. 3, the heater element 1-/ 
preferably includes tin inner surface 1-g of the lumen 
that is made af a hent conductive material such as 
aluminum or the like to Facilitate^ a rapid warm-up. The 
aluminum surface 1-g also provides a durable surface 
that resists fuel deposits and pressure fluctuations 
during backfiring. However, ns can be understood by 
those skilled in the art, the inner surface of the 
heater element l-f may be made From a number of 
suitable elements or alloys that can provide for heat 
transfer to the passing fuelfor vaporization thereof. 

Working outward from the inner surface l-s, FIG. 3 
discloses nTieated surface l-h biased against the inner 
surface 1-g by a spring l-i. The biasing effect of the 
spring l-i allows for the thermal expansion nnd 
contraction of the heated surface while maintaining 
Its contact with the Inner surface l-g. The heated 
surface is electrically coupled to the ECU 3 (shown 
in FIG. I) by positive electrode l-m and negative 
electrode t-n. One of the electrodes (either l-m or 1-n) 
is connected to the heated surface l-/i through spring l- 
1", -while the other electrode contnets the inner surface l- 
g. As can be appreciated by those skilled in the art, 
positive electrode l-m and negative electrode l-n arc 
isolated electrically from the body oF heater element 1-/ 
by positive electrode insulator 1-q nnd negative 
electrode insulator l-p, respectively. Continuing 
through the layers oF the heater element l-f. Flu. 3 
shows insulator 1-/ covering heated surface l-h and 
spring l-i. The insulator layer 1-/, is, in turn, covered by 
outer surface l-/c 
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FIG. A discloses another embodiment of the beater elc- 
is ment I -/without an aluminum inner layer l-g. This embodi* 
ment is similar lo the embodiment of FIG. 3, but with tbe 
heated surface l-h directly exposed to (he passing air-fuel 
mixture. Advantageously, warm-up lime and heat loss arc 
reduced in (Ms Embodiment However, aver time and with. 
50 out proper maintenance, heater performance may be 
degraded due to fuel contarninanls impinging upon the 
healed surface 

FIGS. 5 and 6 disclose two additional embodiments af the 
heater element 1-/ as shown In. FIG. 4. 

In FIG. 5, the disclosed embodiment of heeler element 1/ 
includes a lumen having an internal thread-like conQgurn- 
Uon in which the beating surface l-h contains a spiralmg 
depression, or alternatively, spinding projections 1-r inside 
me Iuraen-Tlieiflr«ttsed surface area of the heating surface 
l-h and the circuitous conh'gurau'aa causes (he air-fuel 
mixrurs to (ravel down the lumen in a swirling fashion with 
increased exposure to tbe greater healing nrea. As 11 result, 
(he ammizahnn and vaporization of the fuel is both faster 
and more homogeneous. This allows for the design of 
beating element l-f of less length while still achieving tbe 
desired performance, and an overall reduction in the heal 
loss to the air. 
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ii the embofimeat disclosed in FIG, 6, the heating tamperaliireEcnOTr25,oracombtoatIon of both. The; timing 

surface l-/i is configured generally in the shape of a cork- of the spark ignition is retarded several degress (step 16) In 

screw 1-J through the length of the lumen. As can be accordance with such engine operating factor* as the puke 

understood by (hose skilled in the art, this embodiment Width durations set in steps 12 and 14 shave, the engine 

causes the air-fuel mixture to also flow in a swirling fashion 5 laodi etc. 

and provides an increase in the surface urea of lhe heating Alternatively, to step 10, if the fuel flaw rate 

surface over the embodiments disclosed above. demand is within an acceptable range, only the injector 

Consequently, the vaporization effect is increased, and a P u1se width ofthe cold start apparatus t is set (step 13}, 

shorter heotmg element i-/design etui be used to produce the. and the spark ignition timing is retarded a 

illustrated m FIGS. 4-S with thai of FIG. 3, further desenp- above 0" C„ only the C5D injector 1-rf oFthe cold start 

tinn of these embodiments should not be necessary to apparatus 1 will be operating until engine warm-up is 

understand the construction or operation of tha difrercut reached, and the functions utilizing port injectors 2 

embodiments of heating element 1-/ shown in branch through steps 12-L6 will now be 

_ . . „ , _ „ F „_.„, _ . . e „ . , utilized. Until the engine temperaturE reaches Warm-up 

io implement a pretetrea emnoaimeni. or me com start " ( at about 80° C), the process repeats steps 6 through 2i, 

apparatus L in a conventional internal combustion engine, . r , .. _., _, ., . 

some additional components may be necessary. The salient a pce f e ^? «*jrf>«™* whan the enjune tempera- 

componeuts, along with their mter-rchuoosbip. are shown ^ reocl f BO»_C eosmewann-up wul haw nobbed, 

io block diasram form in FIG. 7. md P° rt fuel "H 6 *" 3 ™ 2 f** ° VEr < atc P with the CSD 

. L ?t -j * r-r^i « l . L „„„ „ , . , a ^ injector 1-d and heater l/being shut off (steps 2C and 

The right hand side of FIG. 7 shows the ECU 3, which 21 23,. p^ rt fuel 1d ^ c ^ finm 0Q to 

receives sensor input data from the mass atr flow sensor 8, opfM[fi ^ ^ fed Rectors 2 [sta 30) MQtau ^ ^ 

thecr^nn^eser^orll.raoI^ttemper^sanfflrWaad p^rf embodiment provides for switching fuel delivery 

throttle position sensor W. Relying primarily on these ^ ^ CSD ^ ^^.^ w „, rt 2 

sensor inputs, the ECU 3 controls the operation of the „ p(m usrapeniriire reaching the wann-up threshold, ll 

components of lhe cold start apparatus 1. The ECU 3 EhDuJd bc nQted ^ ^ betWMn ^ ^ = 

controls theconducbon of elecrnmty between the fuel heater could be triggered after a predetermined time period, nr a 

1-/ nod the battery 17 by opening and closing Ihe healer wmbhlnt i Dtl Qf temperaMre and time measurements. 

S| B ?V S^Am- ™ Returning briefly to step 6, if feidta specdsetdng didnot 

mtegrated within the ECU 3 Tbc ECU 3 is also coupled to exec Ed the preset toeshold, lhe ECU 3 checks to see if the 

on .die speed coutro valve driver 41 for operating the idle engine temperature is in one of the transit temperature 

speed control valve 1-i which regulates «* flow to idle air { ^ ^ eboWB ^ HG , ^ - B fa|n _ Z()D 

mixer 1-=. As noted eatUer. urot the idle air mixer 1-e mixes C. to 20" C^, Bad again in 50° C. through BD= C- In the 

with Ihe fuel ejected by CSD foel uyecmr 1-d Io thereby embodimmt in FIG. 10, Ihe transient Ismpem- 

ass^t m atomizujfi (he fuel as it is delivered to ■ die dncnt ^ ^ arc from -20" C. to 0" and film 60' C. to B0= 

i^W.^t^«[^fatih^^a^d c.ThesetmiisimtnmgesarechanBterizedhyasubEtanu'^ 

by a fuel injector driver -40 coupled between the CSD fuel " EISsawl . operal i Q n of the port nielinjectos 2 with regard to 

mjector 1-d and lhe ECU 3. As wttli the cose of the healer ^ CSD injector 1-d, in which both types of injectors are 

switch driver 42. the id^e speed control valve driver 41 SUDplyil]g tel ta ^ Mgij)e •„ - maxly UQUQls B 

and/or the fuel injector driver 40 may be a. separate unit fo£ Bmperature chnnges. 

C0 -l P - led rt ! D pnn D ' ° r ^ ^m 11 ^us, asseeninstep 7of FlG.fl.iftheeagne^mpembjre 

within the ECU 3 usma commercinlly available eiecttoaic ^ ^^^^Jt^^^^tidle speed low, 

componen . men the engmetfiinperntjn^ must he grenler than Bff 1 C,, sad 

The overall operation of the cold start apparatus 1 during Bn |y th t port injectors 2 will be operatioaciL Conversely, if 

aa engine cold start is iUustraled tn PIGS. HG. R is a 4 s [jjj gcu 3 is □pctotinE within a transient range with Idw 

Dow chart of the overall operation oftbc cold start apparatus ^ iffl£ spsel ^ the engine must be operating between fiO" 

1. FIGS. 9 and 10 show graphical representations ofthe cold q_ ^ BD n c _ ^ '^e^ Q f ^ cold start 

start apparatus I with respect to the operation of port fuel ^Brana 1 st ni supplying fuel (step 9), As the temperature 

injectors 2. Increases, the fuel &om injector 1-tf is gradually reduced and 

Reference will now be. made (o HQS. 8 and 9 in combi- 50 the fuel supplied by the port injectors 2 is gradually 

natian-During a tvpEcd engine startup, thcECU 3 will cycle increased until the E0° C. warm-up temperahire is reached. 

through engine start up procedures (step 2) and diagnostic ebown in FIG. 11, tha fuel level supplied by the port fuel 

procedures {step A). These routines will be explained in injector 2, as the cold start apparatus 1 firm-cases its fuel 

detail below, however, For the purposes of Kplaudng HG. supply, does not necessarily have to be a linear inveise 

H, it is assumed that bath procedures have been completed 55 thereof (e.g., Pattern 2). Rather; n nnn-lincor increase in the 

successfully. In step 6, Ulc ECU 3 first checks the idle speed fuel supply might be followed, such as the noa-llnenr 

to see if it is high, ns determined by comparison tn n preset increases depicted by Pattern 1 or Pattern 3. These fuel 

threshold, IT the idle speed is high, as when a cold engine is demand patterns may be used to account for varying factors 

first started, men me ECU 3 will calculate the fuel flaw rate such as intake manifold volume, engine displacement, 

demand of the engine (step S). $q engine rpm. and loud, and less than ideal fuel cambuEddn. 

E the fuel flow rale Is lower than a preset threshold limit Continuing with step 32 of HG. B, in the part Eu-I 

{step 10), such as when the engine temperature is below 20° injection phase, the ECU 3 conducts n maintenance proes- 

C„ the ECU 3 will set the injection pulse width of the cold dure for the cold start, apparatus 1. Periodically, a denning 

start apparatus I and/or the fuel injector 2 {steps 12 and 14) coodiUon is checked (step 32) fminitialing aheatcr cleaning 

depending on the engine temperature, ns shown in FIG. 9. It SS routine (step 34). as more fully explained below. This cycle 

should be noted that the engine temperature may be moni- of steps proceeds as long as the engine is running (step 35: 

tared either by coolant temperature sensor 13, exhaust Ignition key in the- "on" position). 
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Turning now to FIG. 12, the. engine start togic procedure done so that daring cranking, a. small amount of fuel cnn be 

(shown as step 2 in HG. S) in described in detail. In a fired 6am tbepoctftd injector 2 la reduce the possibility Df 

preferred Embodimeat of the invention, power to the hooter bnckfiring. Dffling engine start, current to the heater element 

element 1-/ is initialed as quietly he possible In provide halted bo Ihnt all of the buttery's 17 current can he 

adequate warm-up time. As such, the heater element l-/may * directed to cranking the engine. 

be toned on upon the occurrence of a door switch being Qnce the engine starts, port fuel injection is slapped and 

engaged, a Ternc-le key usage, a switch for detecting when n m delhre[y ^ me ^ ud Elafifid 

person sits in the driver's seat, or any eomMnitian of the amiD g {s reU3rf ed. The amount of air through the idle speed 

foregoing (step 40). It is important to note thai the action CDDtro i viuve X . b ^ E]i Dtl ^ e h ^ entBr „ 

which 1b used m initiate power id Ibe beater element l-/is ID -foglht cold start apparatus 1 to aaistip (he vamrizrrtlon of 

not critical to the itiveniion, and that even using the car's fuej grayed from CSD injector 1-i These conditions typi- 

ignition key switch as the triggar far beater element l-/may aHy continue for about 20 seconds until the catalytic 

suffice, as long as the healer element l-/is engaged as soon converter 7 reaches an anticipated warm-up state that begins 

as possible prior to engine start, reducing Kfaarxst emissioiu. 

Once the process is started, foe voltage of the car battery 15 After engine warm-up, the CSD injector 1-tf is stopped, 

I7iscbeckedviacurrc B tir*lerl8toensiffeuwt[inndequatc spark liming is set to normal and port fuel injector 2 takes 
charge is ttvailnhlc [step 42) to bent the beater element 1-/ over the function D f supplying fuel to the engine. The healer 

and crank Ibe engine. If not enough voltage is present, ns element l./xemainB on a little longer to insure thai, no liquid 

determined .by pre-established criteria (step 44), then the rael f Dnn ^ mltI Btllrt Dppara uis 1 remains in the intake 

ECU 3 proceeds directly to the part injection procedure 10 manifold. 

outlined in step 30 of FIG. H, and use of the cold start „ . .. „ „„, , .„ , , . ' 

,-r,„™h„=i ;„ n «r,M=yi ,ii„„„rt,„ TWT^o.nu „>w..„„. t,„ PeriotlicBl y, the ECU 3 wi engage m a cleaning 

^n^lamo^i^^^^ms.^w^^ operntion, as indicated In Steps 32-34 in FIG, t 

is remaining in the car battery 17. it can be devoted to Maintenance on the heater eiement 1-/ consists of 

burning the start motor (not shown), another source of high cleaning off deposits on the inner surface by spraying 

current demand before the engine is ninning. 25 liquid fuel across it For n short duration. This can he 

IF enough voltage exists far bait, the needs of the heater K» Ji l , hE , ^S^iSSJlS ™' JJhH? it 

, -, , . , ,t . . .... . „_ . injector 1-a is momentarily turned on while the putSE 

element 1-/ and Ihe starter rxiator. the healer switch 19 is ^ „ f ^ rt inJector \ is sinlu t t!meoUs ly red ue£(i 

closed and the bcnlcr element l-f u started (step 45). Next, f or nn equal duration. The idle speed control valve I-ii 

the ECU 3 proceeds through a diagnosis logic routine (as Is also opened far this period, so that the passing nir can 
seen in FIG. 4 of FIG. 8), which will be described in detail 30 carry the fuel across the heater element f/*and into the 

below. Alter diagnostics are saccessfully run, lie ECU 3 engine cylinder 14. After Ihe liquid fuel washes the 

checks to see how much lime has lapsed since the heater j™ 1 " 911 ™? ° rth . e hcater element 1-f it gets : vaporized 

a^l^vmtm^^l^A^^^^emt ^Jfold C ° mpDnEntS Wlttlm ^ 

period has lapsed without tic engine being started (step SO), ^ control characteristics of ihe cleaning cperailDn me 

then the healer element 1/ is turned off. Presumably, Ihe " shown in the flow etoirl diagram of HG. 14, Starting at the 

vehicle's operator has entered (he car, but does not intend to top> & B dtarung mode procedure initiates (step 34, from 

start the engine. This being the case, the tenter element l-f piq. 8 > by j^t checking the engine coolant tcmperarure to 

is no longer needed, and the current drain it produces is - msate ^ &a ca ^ a unE wanned up {step 80). In addition, 

stopped (step 52). ^ & e ECU 3 checks to see that the engine is nut idling, the 

With Ibe Ignition engaged, the engine temperature is vehicle speed and engine conditions ere in a steady state, the 

measured (step Sfi), If the engine is already wnnaed-np air-fuel mixture ratio is not in a lean slate and Ihe healer 

(above 80° C,}, ihen the henler element l-f is turned off element l-fte off (steps 82-^90). If all Df these coadidons are 

(steps 58-50) and the Engine can be cranked {step 6*5). As met, the CSD injector fires a preset pulse width of fuel 

can be appreciated, if Ibe engine is cooled (below B0" C), ^ (step 92) while the port injeclori pulse widlb is reduced by 

the temperature of the beater element l-/te checked to see o corresponding amount (step 94). When Ihe cleaning opcra- 

if it has heated up before proceeding with Ihe engine start lion is complete (step 96), the ECU 3 returns to normal 

(steps 62—64), If the temperature of heater element 1-/ has engine operation routines. 

notriaen. lie process loops back Ihrougli the diagnosis logic The diftgnoBue operation (step A of FIG. 8) wUl now be 

(slep 4) until it is okay to start the ignition (slep 64). 3Q discussed in detail, with reference to FIGS. 15-17. Diag- 

AitcrchccktogmetomperaU3irEaFbe3t^elemeotl'/(step nosticG in the beater elemeat 1^" are based primarily an 

64) and fiodlug it to be operating properly, the engine is current and temperate mensuremenLs. In Ihe diagnostic 

cranked (step 66). A limer is started (step 68) and if engine mode, the heater element l-f is powered dd (step 100) and 

cranking does not lead to engine Start before a preset the hainEr current is measured {slap 101) using currcntnictcr 

timc-oul occurs, engine diagnostics are run (step 4). As w21 55 IE. 

Usually be the case, the cranking will lead to engine slnrL The healer cnrrenLjn a properly operating heatiruj element 

The process lien resumes to checking the idle speed {as in l-/will follow the path outlined by the solid line in the graph 

Step 6 of FIG. 8). shown in FIG. 17. During on initial period the current 

The timing diagram in FIG. 13 corresponds direcfly to the will surge to a level 1^ so that the temperature of the healer 

events outlined in ihe flow cbnrt of FIG. 12. In ihe case cf E0 element. i-/cim quickly reach a steady slate ctradilian. After 

one preferred embodirnenl af the invention, once the dear Imar^ reached, the current, is reduced to a level represented 

switch is acrivaled (as by ap-enatt catering the vehicle), the by 1^^ in FIG. 17. FIG. 17 also indlcntni in [he dotted line 

beater eiemeDt 1-J"ts switched an. The beater element 1-/ is lie graphical representation of the hearer element 1-/In a 

turned on before even the cold start apparatus 1 to reduce the deteriorated or dirty condition, nod in an overcurrent con- 

possibilily of unvaporized fuel being emitted. NckL, when G5 didon when a fault exists. 

the ignition key "is turned, the idle speed control valve l-b is FIG- 16 indicates Ihe initial inverse relationship between 

opened while the spark timing is advanced slighdy. This is (be current level and the healer elemeat l-f fcmperawre. 
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Initially, more current is needed to increase the temperature 
□f the healer element 1-/ As the temperature begins to 
increase, the current can be decreased until both the current 
and temperature levels achieve a steady state balance. 

Returning to FIG. 15, when the current peaks (step 104), 
the ECU 3 will store the measured current value (step 106) 
and the time it took to reach the peak current (step 108). 
These values are then compared to prestored threshold limits 
(steps 110-112) to detect a fault {step 124) if the measured 
current is too high or the heater element 1-/ takes too long 
to heal up. Upon the detection of a fault, a malfunction 
indicator light is turned on step 125), and the cold start 
apparatus 1 is bypassed in favor of portion injection opera- 
tion (step 128). This process protects the heater element 1-/ 
from overheating or having a dangerous over current con- 
dition. 

In u similar manner, the steady State current level is 
compared to a prestored threshold level to detect any fault 
conditions and avoid operation of the beater element 1-/ 



eliminated. In addition, by directing a larger amount of idle 
air to the cold start apparatus 1, cold start emissions can be 
reduced through improved vaporization even at high fuel 
flow rates. This can decrease catalytic converter light-off 
time and reduce emissions without sacrificing low speed idle 
stability. 

Although the present invention has been described in 
detail with particular reference to preferred embodiments 
thereof, il should be understood that the invention is capable 
of other and different embodiments, and its details are 
capable of modifications in various obvious respects. As is 
readily apparent to those skilled in thE art, variations and 
modifications con be effected while remaining within the 
spirit and scope of the invention. Accordingly, the foregoing 
disclosure, description, and figures are for illustrative 
purposes only, and do not in any way limit the invention, 
which is defined only by the claims. 

"What is claimed; 

1. A cold start apparatus for vaporizing fuel before it is 



during cold start idle, if the steady state current is out of 20 supplied to a cylinder of a multi-cylinder internal combus- 
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bounds (steps 114—118). The measured steady state current 
value is compared to expected values based on several 
engine operating parameters, including fuel flow rate, ambi- 
ent air temperature, mass air Sow rate and engine vacuum. 

Lastly, after the idle period during cold start, the ECU 3 
checks that the cold start injector l-d has ceased emitting 
fuel and thai the idle speed control valve 1-b has closed. If 
these operations have proceeded properly, the ECU 3 returns 
to normal engine operation routines (step 130). Otherwise, a 
fault is indicated (steps 124-128). 

FIGS. 18-13 disclose another embodiment of the present 
invention that provides for more precise idle airflow control 
to the cold start apparatus 1. The embodiment in FIG. 18 is 
similar to the embodiment shown in FIG, 1 , However, FIG, 
IS farmer discloses a cold shut apparatus 1 having an idle 
air inlet 1-a connected to the air passageway 22 adjacent to 
but downstream of the location of the: throttle 9 when it is in 
a closed position (indicated by the vertical dotted line 
depiction of the throttle plate in FIGS. 18 and 19). In this 
embodiment, the throttle 9 is located within a tapered bore 

20 that in part covers the opening of the idle air inlet 1-a. The 
tapered bore 20 is dimensioned to provide a seal about the 
throttle 9 for about 20% of its rotational travel In Ibis 
arrangement, air is blocked from traveling downstream of 
the throttle 9 until it has opened about 20%, 

The area of the tapered bore 20 that covers the opening to 
the idle air inlet 1-a further contains an air Sow hole or 
plurality of air Bow holes 21 as shown in the views in FIGS. 
20-23. The views in FIGS. 20-23 are a cross-sectional 
views of the tapered bore 20 looking into the idle air inlet 
1-a, taken along the line A— A in FIG. 19, 

As shown in FIGS. 20-23, the shape of each air flow hole 

21 is designed to allow for increased air flow as the throttle 
9 is opened, For example, as the throttle 9 rotates open, the 
exposed area of the air flow hole 21 is increased (from left 
to right in the diagrams) thereby allowing for increased air 
flow into idle air inlet 1-a. Different design shapes or 
numbers of air flow holes 21 allows for varying air flow 

control to the cold start apparatus 1_ As con be appreciated, so within said lumen to effect the air-fuel mixture passing 
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tion engine having a fuel supply, and an air intake passage- 
way having a throttle valve comprising a pivotally secured 
throttle plate disposed therein, said cold start apparatus 
comprising: 

a housing fluidly coupled on one end to the air intake 
passageway downstream of the location of the throttle; 
a cold start fuel injector having an outlet and disposed in 
said housing; 

an idle air conduit fluidly coupled on one end to the air 
intakepassageway, and fluidly coupled on the other end 
to said housing for delivering air adjacent to the outlet 
of said cold start fuel injector for miermixing air with 
fuel ejected from said cold start fuel injector; and 
a heating chamber having a longitudinal lumen and dis- 
posed at the outlet of said cold start fuel injector for 
vaporizing the air-fuel mixture before it is delivered to 
the engine cylinder, wherein said heating chamber 
includes of a plurality of separately controlled inde- 
pendent heating element sections to vary the tempera- 
tore across the heating chamber. 

2. A cold start apparatus acctnding to claim 1 further 
comprising an idle air control valve for controlling the 
amount of air delivered to said housing. 

3. A cold start apparatus according to claim 1 wherein said 
idle air conduit is fluidly coupled to the air intake passage- 
way upstream of the throttle valve. 

4. A cold start apparatus according to claim 1 wherein the 
throttle plate is disposed in a tapered bore within the air 
inlake passageway, 

5. A cold start apparatus according to claim 4 wherein 
said tapered bore further comprises at least one aperture 
adjacent to and downstream of the throttle plate when die 
throttle plate is in a closed position, and said idle air conduit 
being fluidly coupled through said aperture to said air intake 
passageway as the throttle plate is rotated open past said 
aperture. 

6. A cold start apparatus according to claim 1 wherein said 
heating chamber further comprises a spiral depression 



increased air flow controllability provides improved engine 
idle stability, especially in large bore throttle bodies and/or 
large displacement engines. 

Advantageously, the tapered bore 20 of the present inven- 
tion provides sufficient control of the air flow to the cold 65 
start apparatus 1 such that the need for another air flow 
control device (such as idle speed control valve 1-6} may be 



through the hearing chamber to flow in a circuilously 
swirling fashion therethrough. 

7. A cold start apparatus according to claim. 1 wherein said 
heating chamber further comprises a heated surface config- 
ured in the shape of a corkscrew, and disposed within said 
lumen to cause fluid passing through said lumen to flow in 
a circuitously swirling fashion therethrough. 



